Abstract Water scarcity and water pollution are severe problems in the Northern part of China, strongly affecting socio-economic development and standards of living and environment. The Shandong province is specifically plagued by water scarcity. In the coastal catchments of the Shandong province the water scarcity is even increased due to saltwater intrusion, reducing the usability of water resources available. The pressing water problems in the costal catchments in the Shandong province and resulting socio-economic troubles forced the Chinese authorities to implement a variety of measures to relieve water scarcity and abate saltwater intrusion. But not much has been achieved so far as the measures are not coordinated in their effects and cost-benefit relations have not been considered sufficiently. Such a situation calls for good, which means integrated, sustainable water management. The assessment of this situation in the project "Flood Control and Groundwater Recharge in Coastal Catchments" financed by the German Ministry of Research and Education is presented. Further objectives and first ideas for an IWRM-concept are explained. These ideas are based on concepts developed in Germany in the context of the fulfilment of the European Water Framework Directive.
Introduction
Shandong Province is located in the east of China at the lower course of the Yellow River. The province has a coastline of more than 3000 km to Bohai Bay and the Yellow Sea. The total area of Shandong province is about 157 thousand km 2 with a total population of 90 million inhabitants by the end of 2000. The available water resource per capita is about 340 m 3 /(capita.a). Compared to international standards for minimum needs of about 1000 m 3 /(capita.a), there is a tremendous water scarcity in Shandong province. According to the present water supply ability, the annual water shortage is about 3.4 billion m 3 /a. It is estimated that the water shortage will be about 6 billion m 3 /a in 2010. The Huangshui River basin is located in the coastal region of Shandong province and was the subject of the project "Flood Control and Groundwater Recharge in Coastal Catchments" financed by the German Ministry of Research and Education (Geiger et al., 2005) . Within this region the water scarcity is even increased due to saltwater intrusion and in consequence the economic development and socio-economic conditions are less favourable than in other regions of the province. Project work started with a deep investigation into the conditions in the fields of hydrology, water resources, water pollution and the consequences of water scarcity. Based on this analysis a concept for an Integrated Water Resource Management (IRWM) was elaborated and first ideas for its realization developed.
Analysis of water management condition of the study area
The Huangshui River basin covers an area of 1034 km 2 . The river length is about 55.43 km. The catchment is located along Laizhou Bay. The catchment is shown in Figure 1 . A main portion of the catchment is part of Longkou City (44%). The urban area is located at the lower end of the catchment above 368 northern latitude and 1198 eastern longitude. , the water demand of 162 million m 3 /a exceeds the water resources on average by about 25%. This problem is even more severe considering the monthly and annual distribution of water resources and water demand. A sketch of the main water flows in the water balance is given in Figure 2 .
Water pollution
There are various sources for the pollution of surface water and groundwater. Three main types can be distinguished.
(1) Domestic wastewater: There are about 620,000 inhabitants in Huangshui River basin, 25% of whom live in the city of Longkou. Only the urban area of Longkou city has a wastewater collection system connected to a wastewater treatment plant. The domestic wastewater is discharged untreated to the river. The storm water is collected in a parallel sewer system and discharged to the river. (2) Industrial wastewater: In the Huangshui River basin, aluminium industry, paper industry, chemical industry, cement industry, coal mining and coal-fired power stations exist. Mostly the water is used only once and discharged without any special purification or treatment. (3) Agricultural drainage and infiltration: In the considered area, there is intensive landuse for agriculture. The usage of manure and fertilizers is practiced, so that the discharge of harmful substances and nutrients into the soil and the groundwater is obvious. Figure 2 Systems sketch of water management in the Huangshui river basin R. Kutzner et al.
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Saltwater intrusion
The increasing groundwater use results in groundwater depletion and due to that in the coastal regions, increasing saltwater intrusion from the sea. In the region of Longkou city, especially the Huangshui river basin, the area of salt water intrusion reached 81 km 2 .
The transition zone along the coast has a distance of about 3 km. The potential endangered area with groundwater table below sea water level amounts to additional 80 km 2 . It has already caused a drinking water crisis for about 60,000 people, 200 wells were abandoned, and 2000 ha farmland lack of irrigation water capacity; and food production decreased causing socio-economic conflicts.
Consequences of present water management
The analysis of the existing water management can be summarized as follows.
(1) Overexploitation of groundwater results in saltwater intrusion which decreases additionally the availability of water resources. (2) Social status and income of farmers in the Shandong province is significantly below a level that would allow them to keep up with the technology development in irrigation and farming. As a result they use more water than necessary and pollute groundwater and soils. (3) Wastewater and stormwater is mostly discharged untreated. Wastewater reuse is not applied. Untreated discharge degrades surface waters as a source for water supply. (4) Measures taken so far, e.g. the groundwater dam against saltwater intrusion, take effect against symptoms but not against the basic problem of the overexploitation and destruction of resources. Such a situation calls for good, which means integrated, sustainable water management (Gumbo and van der Zaag, 2001 ).
General IWRM concept and methodology
The problems and conflicts in the coastal regions of Shandong Province and in the Huangshui river basin are tightly merged. Individual measures have no effect, as the past has shown, especially, because social-economic consequences result from a variety of influences. This becomes obvious when looking at the problem of saltwater intrusion. This could be stopped, if no further groundwater could be extracted for irrigation. This would lead to tremendous social problems. But the problem of saltwater intrusion can not be solved with technical measures alone. A solution can be only achieved with an integrated water resource management (IWRM).
The basic demand for a solution strategy is sustainability. For example, a groundwater dam may prevent the intrusion of saltwater into the groundwater, but the further extraction of groundwater results in a declining groundwater level. This leads to an increasing difference between ground and seawater level, and eventually saltwater will intrude into deeper layers of groundwater. The following simple equation has to be considered: Following the principle of an IWRM, water is an essential element of the ecosystem. It is a natural resource and a social and economic commodity. According to this complexity, a variety of aspects have to be considered, in order to take account of the interaction between water and society. In addition, a variety of stakeholders has to be involved. The coordination of interests between these groups might be very complicated. Decision Support Systems (DSS) support this complicated planning and decision process. In general, the possibilities for a sustainable IWRM are versatile. The applicability depends on local and regional conditions, as well as socioeconomic states and requirements. It is almost impossible to analyze all of the effects of a possible measure in detail. Therefore, the concept of a two-stage DSS is recommended, after a detailed analysis of the catchment area.
Within the first step of the first stage DSS (DSS-1) all available measures especially in the fields of water saving, ground water recharge, water recycling, structural measures against salt water intrusion and institutional measures are considered. As a basis it is planned to setup measure catalogues that include all potential measures. These catalogues should include a description, the boundary conditions for the application, dimensioning rules, effectiveness and costs (investment and operational expenses, economic lifetime), as well as manufacturers of hardware (examples), environmental and resource effects and information about the social acceptance.
In the next step of DSS-1, the measures have to be identified which are suitable for the specific project considering political and social aspects, costs and environmental conditions. Within the third step of DSS-1 a small number of the best scenarios are selected upon environmental and resource costs. For the final planning (DSS-2) and the implementation only a small selection of bundles of measures can be analyzed in detail. On the basis of technical, economic and social criteria and in close cooperation with the regional decision makers, a final strategy can be selected. For this purpose the use of multi-criteria analyses is intended.
In this phase a detailed analysis of the linkage of individual measures, if relevant, is carried out to find an optimal combination of measures. At this point the relevant processes are modelled in the natural system and the efficiency of the individual measures is calculated while considering the social economic aspects. Figure 3 illustrates the way applicable measure bundles (scenarios) are developed on the basis of general measure catalogues and the further step to the most sustainable solution.
Within DSS-2 a detailed analysis of the selected scenarios has to be performed in order to find the "optimal" solution. This level should combine both modelling of the relevant processes, impacts and measures under study and their socio-economic evaluation. Figure 4 illustrates the major step of the DSS-2.
In a GIS-based system the database for the modelling and the integrated water resource management is stored. The basis is a system developed in Germany (Loucks and Kaden, 1999) for the implementation of the EU-water framework directive named ArcWFD/WISYS. This system is also the platform for the integration of the interactive components of the DSS.
As mentioned before, the participation of so called stakeholders in the planning and decision process is of great importance. It is intended to develop and apply a participating approach that is adapted for the Chinese conditions. For the evaluation step of DSS-2 (Figure 4 ) Multi Attribute Decision Making (MADM) techniques (Mahmoud and Garcia, 2000) will be used to identify so called pareto-optimal solutions. These solutions will be provided to stakeholders and decision makers by the Reasonable Goal Method (RGM) based on computer based Interactive Decision Maps (Lotov et al., 1997) . At last the "optimal" solution has to be elaborated in an interactive process between decision makers and stakeholders.
Impact analysis (see Figure 4) will be done by applying appropriate models. For the application in Huangshuihe River basin it is planned to use the following models: (1) Mike 11: surface run off model (DHI) (2) WBalMo: Model for the planning of water resources including economic ratings (WASY GmbH) (3) FEFLOW: 3D groundwater flow-and quality transport model (taking the density into account) The integration of the individual models is shown in Figure 5 .
Potentially applicable measures within an IRWM
There are different domains of measures which could be applicable for the intended IRWM application. These are as follows:
(1) water saving in households (2) water saving and water recycling within industrial applications (3) reduction of water losses in the water distribution system Figure 4 The participative approach of second stage of Decision Support System (www.glowa-elbe.de) Water saving: the characteristic of water use will be analyzed exemplarily. That is why data on water usage of selected industrial companies has to be collected (e.g. paper industry). Afterwards, measures for water saving will be introduced, e.g. reduction of volumes, sealing of leaking pipes and circuitry. For example in Germany the average water consumption was reduced over 400% based on the current conditions in the last 30 years by these kinds of measures.
(4) water saving in agriculture (5) grey water and black water recycling (6) rainwater use in agriculture, industry and houses The possibility of rainwater harvesting and storing surface waters should be analyzed, also as an alternative water source for industry. Especially the fact, that most of the precipitation accumulates in summer (72.9%) from June to September, makes the storage of rainwater an important measure for irrigation in agriculture.
(7) new technologies for ground water recharge (8) institutional measures like water pricing, implementation of standards and obligations (9) consulting for stakeholders like farming associations to ease implementation of measures A second group of alternatives relates to the monitoring and reduction of water pollution. The basis should be the establishment of a master plan for the Huangshui River basin: a consistent and complete plan that adequately considers pollution sources (sewer overflows, insufficient wastewater treatment, sewage treatment, industrial waste, soil erosion and diffuse sources from agriculture) and possible alternatives (source control of rainwater drainage, storage volume in sewers and treatment of polluted drainage, recycling of industrial waters, enforcing the compliance of regulations etc.) does not exist today.
Conclusions
Sustainable and integrated water resources management not only consists of technical measures and modelling techniques. It is fundamental to prevent social conflicts caused by planning decision by the integration of stakeholders into the planning process. 
